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Big-picture introduction of Kyle model

• In the perfectly competitive trading model, traders take price as
given when choosing their demand function, i.e., ∂Di

∂p = 0

• This assumption may be reasonable for some markets, e.g., blue
chip stocks (think of Apple) with high trading volume so each
trader has negligible impact on prices, even for big hedge funds

• It may not be reasonable for small and thinly traded stocks with
low trading volume so some traders can have a large impact on
prices

• Again, the core issue is inference: I do not observe information
from the traders but I observe their actions (buy or sell). What
information should I infer?

• If I know you know more than me about a firm and I observe
that you are selling stocks, what does that tell me? How should I
respond? Knowing this, how should you respond?

• Kyle 1985 Econometrica “Continuous auctions and insider
trading” provides an elegant model to precisely capture those
phenomena
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Continuous Kyle model

• One risky asset with terminal payoff ṽ ∼ N(p0,Σ0).

• There is an informed trader who observes ṽ perfectly and there is
a market maker who observes total order flow. Both parties are
risk-neutral

• Suppose there is no other party, then there will be no trade

• Intuition: if the informed trader sells (buys), the market maker
knows that the informed trader knows ṽ is low (high) and is not
willing to buy (sell); if the informed trader makes money, then
the market maker loses money and so the market maker will not
want to trade
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Continuous Kyle model

• How to make trade happen: assume noise traders that submit
random orders (as in Grossman and Stiglitz) and let the noise
traders lose money to the informed trader, the market maker
breaks even; Noise traders lose money but they have liquidity
needs so do not care

• Why submit random orders? Again to prevent prices from fully
revealing the informed trader’s info (the Grossman-Stiglitz
paradox)

• Assume noise traders submit order ũ ∼ N(0, σ2
u) and independent

of ṽ. The informed trader submit order x(ṽ).

• The market maker observes total order flow x(ṽ) + ũ and sets up

price P̃ = E[ṽ|x(ṽ) + ũ]. Again price will be partially revealing
(but not fully revealing) of ṽ
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Solving the model

• We again face uneven distribution of information.

• Again think of Texas Holdem: the market maker does not
observe the informed trader’s information ṽ but will conjecture
the informed trader’s strategy x(ṽ) and take this into account in
choosing his or her own strategy (i.e., setting prices)

• The conjecture has to be rational: it has to be consistent with
the informed trader’s optimal behavior

• Given normal distribution, linear conjecture seems a good start
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choosing his or her own strategy (i.e., setting prices)

• The conjecture has to be rational: it has to be consistent with
the informed trader’s optimal behavior

• Given normal distribution, linear conjecture seems a good start

Introduction and capital markets Kyle model 6 / 13



Solving the model

• Conjecture that
x(ṽ) = β(ṽ − p0),

and
P̃ = E[ṽ|x(ṽ) + ũ] = p0 + λ(x(ṽ) + ũ),

where β > 0, λ > 0 are constants to be determined

• Intuitively,

— from the informed trader’s perspective: x(ṽ) > 0 if and only
ṽ > p0, buy if and only if my information is better than the prior
mean;

— from the market maker’s perspective: the larger x(ṽ) + ũ is, the
more likely it comes from the informed trader buying, the higher
the price should be. When x(ṽ) + ũ = 0, then it is equally likely

that the informed trader is buying vs. selling so P̃ = E[ṽ] = p0.
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Solving the model

• Need two equations of β and λ

• First one comes from the rationality of the informed trader:
based on the conjecture P̃ , the informed trader chooses x(ṽ) to
maximize expected profit, i.e.,

E[(ṽ − P̃ )x(ṽ)|ṽ]
= E[(ṽ − p0 − λx(ṽ)− λũ)x(ṽ)|ṽ]
= (ṽ − p0)x(ṽ)− λx2(ṽ)

• Note the difference from Grossman-Stiglitz: P̃ depends on x(ṽ)
so when choosing demand cannot take price as given has to take
into account the effect of demand on price

• First order condition results in x(ṽ) = ṽ−p0

2λ , so matching
coefficient results in

β =
1

2λ
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Solving the model

• Second equation comes from the rationality of the market maker:
based on the conjecture x(ṽ), ṽ|x(ṽ) + ũ is a normally distributed
random variable and Bayesian updating results in

E[ṽ|x(ṽ) + ũ]

= E[ṽ] +
cov(ṽ, x(ṽ) + ũ)

var(x(ṽ) + ũ)
(x(ṽ) + ũ− E[x(ṽ) + ũ])

= p0 +
cov(ṽ, x(ṽ))

var(x(ṽ) + ũ)
(x(ṽ) + ũ− E[x(ṽ)])

= p0 +
cov(ṽ, β(ṽ − p0))

var(β(ṽ − p0) + ũ)
(x(ṽ) + ũ− E[x(ṽ)])

= p0 +
βΣ0

β2Σ0 + σ2
u

(x(ṽ) + ũ).

• Matching coefficient results in

λ =
βΣ0

β2Σ0 + σ2
u

.
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Solving the model

• We thus have

β =
1

2λ

and

λ =
βΣ0

β2Σ0 + σ2
u

.

• Notice that the first equation means the higher λ, the smaller the
β: when price responds more to order flow (means price increase
more when you buy the same amount), the informed trader
trades less intensively on price information

• Solving (with Mathematica or not) results in

β = (
σ2
u

Σ0
)

1
2 ,

and

λ =
1

2
(
Σ0

σ2
u

)
1
2 .
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Implications

• Note that β (λ) increases (decreases) in σ2
u and decreases

(increases) in Σ0

— Intuitively, the informed trader trades more aggressively when
there is more noise trading (as a camouflage) and less aggressively
when there is more information asymmetry

— λ is the famous “Kyle’s lambda”, which is a measure of the
illiquidity of the market; the higher λ is, the more sensitive price
is to order flow, so the same amount of order flow results in larger
change in prices

• Price informativeness can be again captured by (the inverse of)

var(ṽ|P̃ ) = var(ṽ)− cov2(ṽ, P̃ )

var(P̃ )
= Σ0 − Σ0βλ =

1

2
Σ0

In other words, price resolve 50% of the prior uncertainty and so
incorporate 50% of the informed trader’s information. Price
informativeness is independent of σ2

u (as more noise trading
results in insiders trade more intensively), which is different from
Grossman-Stiglitz
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Implications

• The informed trader’s expected profit is

E[(ṽ − P̃ )x(ṽ)]

= E[E[(ṽ − P̃ )x(ṽ)|ṽ]]
= E[(ṽ − p0)x(ṽ)− λx2(ṽ)]

= E[β(ṽ − p0)
2 − λβ2(ṽ − p0)

2]

=
β

2
E[(ṽ − p0)

2] =
β

2
Σ0 =

1

2
(σ2

uΣ0)
1
2

• Therefore, the informed trader’s expected profit is increasing in
σ2
u and Σ0; this is intuitive, as the more volatile the noise trading

is, the better the camouflage for the informed trader; the higher
the information asymmetry, the better off the informed trader is

• Note that when Σ0 increases, liquidity decreases but the informed
trader’s expected profit increases whereas when σ2

u increases both
increase so liquidity and informed trader’s profit do not
necessarily move in the same direction
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Concluding slide for lesson 5

• When market is not perfectly competitive, informed traders trade
less aggressively as price will move against their trade

• Still need noise trading to prevent price from fully revealing

• Not-fully-revealing price also results in information asymmetry
between the informed trader and the market maker, generating
illiquidity

• Next lesson we will introduce discrete-type Kyle models and
discuss the role of disclosure in Kyle-type models

• A review quiz of this lesson can be found at
https://forms.gle/pm6ShvZhrSu3NeSq6
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